In experimental degeneration of retina, macrophages, probably of hematogenous origin, soon invaded the region and actively removed the cellular debris (OLNEY, 1969; HANSSON and SOURANDER, 1970; O'STEEN and LYTLE, 1971; O'STEEN and KARCIOGLU, 1974) . According to the latter authors, these cells first appeared in the vitreous body and progressively entered the retina. Since developmentally the retina is derived from an outward extension of the brain, it was reasoned that it should also contain indigenous macrophages as a counterpart to microglia or their precursor cells normally residing in the brain tissues (LING, 1981) . In this connection, OLNEY (1968) described the presence of "presumptive macrophages" in developing mouse retina. The histochemical study of the retina in early postnatal mice by SANYAL (1972) also indicated the existence of such cells in normal retina. The present study was therefore undertaken to ascertain the presence of macrophages in normal postnatal retina at the electron microscopic level and to describe their ultrastruture and compare with the microglial cells in the brain.
Since it is known that some of the microglial cells were endowed with peroxidase positive granules in their cytoplasm (LING, 1980) , a peroxidase test was also carried out in these cells.
MATERIALS AND METHODS
Postnatal rats 5 and 6 days old were perfused with a mixed aldehyde solution composed of 2% paraformaldehyde and 3% glutaraldehyde in 0.1M cacodylate buffer (pH 7.3). After perfusion for 15min, the eyes were enucleated and the anterior halves removed by a transverse cut behind the limbus. The posterior halves were further fixed in a fresh mixed aldehyde solution for 3hrs.
After overnight rinsing in sucrose buffer, small blocks of retina were post-osmicated in Dalton's osmium solution. They were processed and embedded in araldite mixture. Ultrathin sections 167 stained with uranyl acetate and lead citrate were examined in a Hitachi HS-8 electron microscope.
For the localization of peroxidase, blocks of retina were incubated in a medium containing 3, 3'-diaminobenzidine tetrachloride (DAB) and processed in the same manner as described previously (LANG, 1980) . As controls, blocks were incubated in a DAB medium omitting H2O2. As a positive control, small pieces of the liver from the same animal were processed for study, since the organ is known to contain abundant peroxidase positive macrophages (DEIMANN and FAHIMI, 1978) .
OBSERVATIONS
A general survey of the semithin section stained in methylene blue showed that macrophages were present predominantly on the vitreal side of the retina. They were most commonly seen between the widely spaced axons in the nerve fiber layer between the inner limiting membrane and the nuclei of the ganglion cells (Fig. 1) . Often, they were located in close proximity to the thin-walled venules in the same layer. Sporadic macrophages were observed in the ganglion as well as in the inner plexiform layers. However, they were extremely rare in the inner nuclear layer and, so far, have not been observed in the outer nuclear or segment layer.
While the majority of the cells displayed typical features of macrophages as in other tissues, a few closely resembled blood monocytes.
Thus, the cell depicted in Figure 2 was designated as a typical large macrophage.
It is rich in cytoplasm carrying large phagosomes one of which is an engulfed degenerating cell with discernible condensed nucleus (Fig. 2) . It was a common feature in these cells that they contained portion of engulfed cytoplasm characterized by the presence of abundant free ribosomes (Fig. 3 ). At the cell surface, pseudopodial processes containing vacuoles projected into the wide interstitial space (Fig. 2 ). In the cytoplasm, polyribosomes were evenly scattered.
Cisternae of rough endoplasmic reticulum were short; lipid droplets were common.
A well-developed Golgi complex was present near the nucleus (Fig. 3) .
The macrophages resembling monocytes generally displayed a round or reniform nucleus with a prominent nucleolus and margination of chromatin masses (Fig. 4, 5) . The cytoplasm was of moderate density containing parallel arrays of rough endoplasmic reticulum, lipid droplets and a variable number of membrane-bound electrondense granules (Fig. 4, 5) . A prominent Golgi body was often located in the nuclear indentation (Fig. 5 ). Occasional microtubules were observed. The monocytic type generally did not contain any phagosomes.
In addition to the above two forms of macrophages, there were some cells which were elongated.
Their flattened nucleus displayed chromatin configuration similar to the other two types (Fig. 6) . The cytoplasm was apparently denser than the neighboring neuronal cells and tended to accumulate at both poles bearing long and stringy rough endoplasmic reticulum. The Golgi apparatus was small with delicate saccules.
During the course of this study, free macrophages were observed in the vitreous chamber. They were often localized in close proximity to the thin-walled veins and, occasionally, adjacent to the inner limiting membrane of the retina.
Most of them were round cells and their abundant cytoplasm was highly vacuolated (Fig. 7) . A variable number of pleomorphic dense bodies were present.
At the periphery in Extending into the interstitial space on the left is a pseudopodial process bearing a few clear vacuoles which are probably due to plasma membrane invagina- Fig. 3 . Portion of a large macrophage adjacent to the cell body of a ganglion cell (GC). The nucleus of the macrophage is at the lower left of the figure.
The cytoplasm contains lipid droplets (Ld), Golgi body (G) and a few electron-dense bodies (arrows). A large portion of electron-dense cytoplasm from a degenerating cell has been ingested (C); this con-the subplasmanemal region, small pinocytotic vesicles were found (Fig. 7) . Their eccentric nucleus showed all the morphological features as the retinal macrophages.
The cytochemical study showed that some of the dense granules in the macrophages were peroxidase positive (Fig. 8, 9 ). These granules often assumed an eloncontaining peroxidase positive granules belonged to the large type. Their copious cytoplasm was often loaded with prominent phagosomes which were also stained positively for peroxidase (Fig. 9) . The nuclear envelope and rough endoplasmic reticulum were unreactive. The round nucleus shows large peripheral chromatin masses and a prominent nucleolus (n). The cytoplasm has a moderate density in which are present parallel arrays of rough endoplasmic reticulum (rER), lipid droplets (Ld) and small dense granules (dg). The cell has a relatively smooth cosaminidase-positive cells thought to be macrophages in the retina of newborn mice. The present study of the postnatal retina shows that the macrophages tend to concentrate in the nerve fiber layer where the axons are spaced widely apart.
A few of them are scattered in the ganglion and inner nuclear layers where the structural texture is evidently more compact.
Such distribution and arrangement is reminiscent of the ameboid microglial cells, a group of neural macrophages which are consistently present in the loosely structured subcortical white matter in postnatal rat brain (LING, 1976) .
The presence of a wide intercellular space around the retinal macrophages and the projection of pseudopodial processes from these cells suggest their great motility. cells spread from the central towards the outer layers in the growth of the retina. Thus, the particular cell depicted in Figure 6 may perhaps represent a cell in the process of migration from the ganglion into the inner plexiform layer.
The predominance of macrophages in the inner zone of the retina may be related to the frequent occurrence of necrotic cells due to spontaneous degeneration. Most of the cells engulfed by retinal macrophages were identified to be neuroblastic nature.
Therefore it seems likely that in postnatal retinogenesis, there may be a continuous restructuring and remodelling of the neuronal elements, a phenomenon similar to the development of the white matter in rat brain (LING, 1976) . In the latter site, macrophagic ameboid microglial cells actively removed the cellular debris by phagocytic activity.
A similar process, therefore, probably occurs in the postnatal retina where the macrophages could function in removing neuronal elements resulting from spontaneous degeneration.
In the present study, the retinal macrophages are often equipped with a variable number of electron-dense granules which The flattened nucleus exhibits peripheral chromatin masses. The cytoplasm is endowed with a variable number of dense granules (arrows), a small Golgi body (G) and long cisternae of rough endoplasmic reticulum. The cell extends into the inner plexiform layer which is on the right of the figure. are morphologically similar to the primary lysosomes as found in circulating monocytes (LING et al., 1980) . Despite their diverse morphological forms, some of the retinal macrophages display ultrastructural features of blood monocytes: regular nucleus with a slight indentation, a nucleo-cytoplasmic ratio of about 1, peripheral chromatin clumps and a few electron-dense granules (primary lysosomes) (LING et al., 1980) . On the basis of their morphological features, it is speculated that some of the cells may, in fact, represent monocytes which had earlier infiltrated the retinal tissues. The spontaneous degeneration of neuroblasts in retinogenesis may serve as a stimulus to attract such infiltration.
Once they enter the retinal tissue, they would engage in phagocytic activity resulting in accumulation of a varying amount of phagosomes to become the large form of retinal macrophage.
The transformation of blood monocytes into macrophages has been described in wounds of neural tissues (KONIGSMARK and SIDMAN, 1963; KITAMURA, HATTORI and FUJITA, 1972; IMAMOTO and LEBLOND, 1977; OEHMICHEN, 1978) and also in postnatal development of rat brain (IMAMOTO and LEBLOND, 1978; LING, PENNEY and LEBLOND, 1980; LING, 1981) .
The monocytic origin of retinal macrophages is supported by the fact that they contain peroxidase positive granules for it has been established that exudate macrophages or monocyte-derived macrophages specifically possessed such granules in their cytoplasm (DAEMS, KOERTEN and SORANZO, 1976; DAEMS and KOERTEN, 1978; DEIMANN and FAHIMI, 1978) . Among the retinal macrophages described in the present study, some bear features typical of microglia in brain tissue (LING, 1976) . These are elongated cells with flattened nuclei containing coarse chromatin masses. The cytoplasm which accumulates at both poles contains a small Golgi apparatus with characteristic delicate saccules and long profile of rough endoplasmic reticulum.
These are diagnostic features of microglia in the brain tissues (MORI and LEBLOND, 1969) . It is possible that the microglia-like retinal macrophages represent the more quiescent type as they rarely contain phagosomes.
Whether or not they are derived from the large macrophagic cells or directly from the monocytic-type remains to be studied. It may be relevant that in the postnatal brain, circulating blood monocytes enter the nervous tissue to give rise to the macrophagic amoeboid microglial cells which in turn evolve to become microglia in the course of brain development (LING, 1981) . Therefore, it is proposed that a parallel evolutionary process may also occur in the postnatal retinogenesis.
While the primary function of the retinal macrophages is probably to restructure or to remodel the neural tissue in normal retinogenesis, they may also serve as scavenger cells during retinal damage. In experimental retinal degeneration where the damage is more drastic, there was a further influx of circulating monocytes to contribute to the macrophages (O'STEEN and KARCIOGLU, 1974) . In this connection, it is possible that the highly vacuolated macrophages in the vitreous chamber (vitreocytes) may also form an important extrinsic source of retinal macrophages.
